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A LUNAR SEISMOMETER CAPSULE SUBSYSTEM FOR RANGER

1. INTRORUCTION AND SUMMARY

Under a Jet Propulsion Laboratory (JPL) subcontract calling for
the development of a complete lunar capsule subsystem, Aeronutronic
Division of Ford Motor Company is supplying & lunar seismographic capsule
and ancillavy equipments for Ranger flights RA-3, RA-4, and RA-5. For
RA-3 and RA-4 this has been accomplished on schedule and with no signi-
ficant deviations from specifications.

As the Ranger spacecraft approaches the moon, the capsule is to
be separated from the spacecraft and braked to allow a survivable landirng
which implaces a sensitive seismowmeter on the lunar surface. Data from
the seismometer is to be relayed back to earth receiving stations for an
extensive period of time after each landing. Subsystems of the lunar capsule
include an altimeter for sensing the proper altitude of separation; a
spin rocket motor to provide stabilization during the retrorocket braking;
a retrorocket; a crushable impact limiter to absorb residual energies; and
the survival package. The survival package is a sphere which is fluid
floated inside the hollow, spherical impact limiter to distribute the
structural loads of impact and to allow erection by moon gravity to the
local vertical after the assembly comes to rest. Conventional chemical
batteries supply the total input power demsnd. Near-constant temperature
for the survival sphere equipments is provided by the use of a cryogenic
insulation and a small quantity of water which cools by evaporation to
the vacuum surroundings during the lunar days. The water &lso offers a
safety feature for might cperation by wvirtue of its latent heat of freezing.
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) During this reporting period a number of improvements to the

RA-3 capuule configuration were designed, tested, and delivered for use

on RA-4. Notable among these were changes to the retrorocket, spin

.. rocket, and the al.iscterdeployment mechanism. Certain further design
modifica:ions to improve reliability and/or facilitate fabricaticn are

contemplated prior to launching RA-3.

RA-4 was launched from AMR 23 April 1962 and impacted the dark
side of the moon early on 25 April. A spacecraft control system mal-
function negated afny chance cf cperation of the lunar capsule landing
package. The capsule payload transmitter operated during the flight ani
was usec¢ to track and estatlish the trajectory of the spacecraft.



2. CAPSULE DEVELOPMENT, ASSEMBLY, DELIVERY STATUS

Althougn some development work is currently being done in
certain areas of product improvement, the majority of effort on the
seigsmometer capsule has shifted to assembly and delivery. As a result
of experience gained in assembly of the RA-3 flight equipment, it was
discovered that increasea emphasis in the area of quality assurance was
required.  Consequently, during this reporting peried, considerable
effort was expended to provide a more effective quality assurance pro-
gram to reduce altritloun and increase reliability cof the praduct,

Drawings, assembly procedures, and acceptance test procedures
have been formalized and improved. As a result, yuality coatrol document-
ation more effectively describes the status and configuration of all flight
and test hardware. Recently released quality control instructions have
carefully defined the procedures required of both cognizant project
engineers and quality control engineers in the area of non-conforming
material eontrol. Results of this effort are evident from the manner in
vhich problems are being handled and the effectiveness of corrective
action being specified on all non-coniorming material reports (NMR).

In addition to preliminary corrective action, a Management
Review Board convenes weekly to (a) review the handling of all major
discrepancics, (b) assure positive corrcctive action, and {c) correct
systeém or procedural dceficiencies as required. Tables 1 and II are the
Squawk Sheet Log and Non-Conforming Material Log for April. Of the 18
NMR's evaluated to date, 10 have been closed satisfactorily and 8 remain
open pending final evidence of corrective action. .

Development, assembly, and delivery status of the lunar capsule
subsystems are discussed by major subassemblies. The general status of
each assembly is noted and any development work in process is discussed
in detail.

a. Landing Sphere Assembly

Some design revisions in both the mechanics and electronics of
the payload are contemplated. Also tests of the Sphere 5/N 010 were
completed. These items are discussed below.

(1) Payload Electronics

A review has been made of all electronic equipment in the
payload with the principal objective of (a) increasing reliability, (b)
improving fabrication techniques, and (c) improving and expanding tests.

-3.
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TABLE 11

NONCONFORMING MATERIAL LOG

Corrective Action

Drawing No. NMR No. Date Responsibility Pemarks
805278 18243 4-6-62 None S2e NMR 18208
805649 18212 4-5-62 None See NMR 18213
SCM157- 18214 4-9-62 Receiving Supplier Coutrol
HPO15A2 Inspection notified by P. Lopatin
805378 18235 4-5-62 Project MSG 002 11 April 62
(TWX 8353)
805377 18200 4-2-62 Design Proposed to JPL 4-5-62
805378 18239 4-2-62 Test Equipment Open
Project Open
805378 18208 4-3-62 Design Open
805378 18236 4-5-62 Test Plan In process
Revision
800120 13238 4-5-62 Drawing Change In process
805663 C 18213 4~-5-62 EO Required In process
805680 D 18209 4-4-62 Workmanship Open
801000 £ 18215 4-10-62 Test Plan In process
Revision
8C10N0 E 18247 4-11-62 Vendor or In process
design
805655 D 18210 4-6-62 Design Corrective action taken
805670 18222 4-1.-62 Accomplished Terminal Inst'l to
Vendor
805680 C 19702 4-17-62 EO Design Test Fajlure Report
' Req'd
6U01 L4 19704 4-19-62
N Design New Source Required
6U0252 19705 4-19-62



Design modifications are planned for the seismometer amplifier
and the timer and squib block to proviue a more reliable syste~. Cabling
will be modified to facilitate assembly and increase reliability. The
transmitter will be modified to simplify fabrication and tune-up. Also,
changes in the transmitter output cavity will provide higher output power
and reduce spurious output radiation.

Test plans for Sphere S/N C10 were outlined in the Eleventh
Bimonthly Progress Report. The test program for the Sphere $/N 010 lunar
spherc was completed on 23 April 1962. Some effort remains in post
analysis and the final test report. The basic test objectives were
accomplished, although deviations from the detail test plan occurred.

The lunar capsule performance was evaluated under simulatsd
launch, lunar impact and post-lunar impact. The effect of envirommental
testing and incident radiation at 960 05 mc on the transmitter RF
spectrum was determined.

(a) RF Tests

: RF tests were prerformed in a quiet box to measure
# - the combined carrier and sideband power and index of modulatioa and to
- provide a spectrum analysis. These tests were repeated after flight
: vibration and lunar impact simulation. The transmitter operation was
-1 unaffected by these environments. The original RF spectrum was definitely
; affected by incident jamming radiation at 960.06 Mc but not in a pre-
ditable or repeatable manner. Just prior to the vacuum thermil test.
M the transmitter failed; preliminary analysis deterwired that transistor
g Q-3, the input driver tc the varactor multiplier stages, had failed.

(b) Vibration Test ' 3

Sphere S/N 010 was vibrated to proof-test levels in
three axes with both sine and noise inputs. No failures or malfunctions
occurred during this test. X-ray examination before and after vibration
ghowed no motion of the inner sphere relative to the limiter.

< (c) Impact Test

s A simulated lunar impact test was conducted on the

.. Aeronutroaic Hyge Machine on 23 March, 1962. The timer did not start as
" a result of the pre-impact acCﬂleracion. and none of the timed se¢quences

» « occurred. .It has been concluded that the 25-g switch did not clcae for

3 a sufficient duration during the 50 MS acceleration phase to actuate the

=" . squib switches. The caging pin was not withdrawn prior to impact and

¥ i was broken due to high shear forces at impact. .
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(d) Vacuum Thermal Tests

Subsequent to ‘mpact testing, the capsule was instru-
mented for external activation and monitoring of post-impact events in a
vacuum thermal environment. The closure of the 25-g switch wag simulated
by activation of the squib switches which initiated the timer. Events
of uncaging, penetrator firirg, and power input to the seismo motor were
normal. There was no indication of a seismoc motor malfunction.

The transmitter was removed and replaced with a resistive thermal
load. The gphere was reinstrumented for a thermal test in the Aeronutronic
research facility vacuum chamber. The thermal test proceeded with a hot
cycle (200°F) from 11 to 13 April, and a cold cycle, -320°F. The trans-
mitter was then started and th: test was concluded on 23 April with a
temperature of ~61°F inside the sphere. The battery voltage fell rapidly .
at -309F,at which time it had sperated 760 hours.

Photcas in Pigures 1 and 2 ahow Sphere S/N 010 vibrarion test
and vacuum thermal facility.

(2) Payload Mechanics

Several tests were performed on an RA-3-type insulation to
determine the decrease in thermal resistance that can be expected from
impact and penetration. A comparison of test results showed an increase
of 1.3 watts steady-state heat loss when the payload was subjected to
impact and penetration. An additional test was run after repairing the
reflector surfaces in the area of the penetratcrs, and a reduction in
heat loss of 0.75 watt was observed at the same test conditions.

The rubber penetrator diaphragms were then coated with vacuum

deposited aluminum, aad the surfaces of the insulation shell in the

area of the penetrators was coated with vacuum-deposited gold. The
penetrator covers were bonded on the penetrators, installed in the

‘insulation shell, and fired using a dummy insulation. A thermal test

of this configuration was performed using the original insulation with

@ net improvement of 0.55 watt. over the original post-impact penetration

test. As a result of these tests, the penetrator diapnragms and inner
surfaces of the insulation shell have been coated with vacuum-deposited
sluminum and gold ,respectively. This modification was provided for the
RA-4 {light payloads. . -




FIGURE 1.

SPHERE S/N 010 VIBRATION TEST SET-UP

.8.
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Two payloads (S/N 013 and 014) were provided for the April RA-4
launch. Payload S/N 015 has been carried sufficiently far in process to
insure delivery as prime payload in the event launch was slipped to May.
This assembly will be carried to completion and probably used as a test
vehicle.

Detailed capsule assembly procedures have been revised and up-
graded to a complete document ,which will be reieased in the aear future.

(3) Impact Limijter

There were no major changes made in the impact limiter
design since RA-3. Permarent attachments pads for the baiance weights
were added in four places. Minor changes were made in the impact limiter
size and the amount of paint to achieve correct final payicad flight
weights. The impact liwmiter desig.a velocity on bottom pormal impact is
192 ft/sec, side normal impact 177 ft/sec, and top normal impact 154 ft/sec.

‘b. Propuision and Ordnance Devices

(1) Retrorocket

The Eleventh Bimonthly Progress Report discussed a retro-
rocket nozzle modification program designed to provide an external rein-
forcement to the expansion cone for the RA-4 flight. The reinforcement
consisted of perforated stainless steel cone ot 0.010-in. shim stock
bonded to the exterior of vae nezzle. The cone extended 8.6 inches for-
ward of the aft face of the nozzle.

Three design proof firings were planned for the AEDC altitude
facility prior to modification of the flight units. Aeronutronic and
Hercules were unable to obtain test time in the AEDC Facility to support
this program. It wasg decided that an altitude chamber with a diffuser
evacuation system would be provided at the Hercules Bacchu. Facility to
suppart the tests. )

On 15 February 1962, Aeronutionic issued a purchase order to
Inca Brgineering Corporation, Pasadena, California, for the design, con-
struction, and installation of the test chamber. The test chamber was
delivered at the Bacchus Facility 19 HMarch 1962. The nozzle modifica-
tion was installed on three motors, which were tested between 24 and
26 March.

-10-
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The test chamber performed well on all tests, maintaining test
chamber pressure at about one psia until thrust :ail-off. The nc-rzle
modification performed as expected and maintained the nozzle geometrical
configuration throughout the firings., A water-quench system applied to
the nozzle at thrust tail-off res:lted in excessive damage to the nozzle
corie on the first test. The water-quench system was not used on sub-
sequent tests. Camera coverage of all tests was good and indicated
successful operation of the nozzles. Figures 3., 4, and 5 show the test
chamber installation and the retrorncker nozzie aftey [iring. Nozzle
damage shown occurred as a result .’ gas blow-back and the €O, queach
system.

During the week of 26 March 1962, Hercules personnecl, uader the
supervisior ¢f Aerconutronic, installed the modification on the four
flight motors 2t AMR. The modifications weighed 6.1 + 0.1 pounds for all
motors. The modification is not expected to influsnce axial (thrust)
performance of the motor to a significant degree. Hcwever, the tip-off
torque due to nozzle deterioration will be eliminated. This will reduce
the estimated cross velocity dispersion contribution from the motor from
40 ft/sec to 32.6 ft/sec.

(2) Spin Motor
The spin mctor product improvemcnat program has been com-
pleted. The design changes investigated during this program included
the following:
(a} Removal of the mylar diaphragm over the grain

(b) Removal of the ¢poxy spacing washer at the grain end

(c) Modification of the igniter installation tec eliminate
potential leakarce

(d) Fabrication of a special tcol to size the exhaust
nozzies

(e) Investigation of igniter characteristics and
modi fication of the igniter

(f) Us . of low-pressure grain in <onjunction with
elimination of the primary nozzle

A
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The product improvement program included ' ie fabrication of 20
spin motors and additional igniters and grains for evaluation and quali-
<{icaticn of these changes. A8 a result of the evaluation, all changes
except the low pressure grain were incorporated. These changes appear on
ADF Drawing 802100E and subs.

The spin motor qualification program was divided into three
phases: (1) igniter qualification, (2) grain qualification, and (3)
motor assembly qualification. The igniter and grain qualification programs
have been completed. The twelve scheduled firings of the motor assembly
have been made, but data analysis is not completed for the last three
firings. 1In addition, two experimental firings of the flight configu+a-
tion were conducted.

(a) Igniter and Grain Qualification

A total of 35 igniter firings and 24 grain firings
have been made without indication of failure or marginal perfo:mance
These included the following: :

11 - 1Igniter alone
9 - Igniter and grain
12 - Qualification motor agsemblies
3 - Experimental motor assemblies
Igniter and grain assemblies were exposed both individually
and in combination to a number of environments. In addition, three igniter-

grain assemblies were exposed to all environments sequentially. The
environments are as follows:

Temperature and Humidity: 70 percent relative humidity
with formalin added; cycled
from 0 to 120°F for thre« days
and for fourteen days.

Bthylene Oxide: 12 hours exposure in sterilizing
- concentrations. )
Vibration: Sine and random in three axec

to the level measured at the
retro noczle during DPT. The
shake fixture incorporates a
production retro nozzle.

Vacuum: 72 hours at 12 microus and 70°F.
(Motors have been fired after 11
days of vacuum.)

«15~



All motors and igniters fired successfully with no indications
of other than random variations in performance. There appears to be no
correlation of performance variations with the various environmental
- exposures., The following performance parameters are significant:

Parameter Minimum Maximum Average
Time to ignition 0.024 0.040 0.032

peak pressure (sec)

Burning time to (sec) 1.17 1.21 1.19
S-percent tail-off

C* (ft/sec) 4060 4390 4230

(b) Motor Assembly Qualification

Of the 12 qualification firings. eight have been on
the torque fixture and + on the gas dynamics fixtuv-. Tip-off data are
available for all but one gas dynamic fixture firing on which the iymme-
trical vent failed. Motors were exposed to the following nominal
environments:

Temperature and Humidity: 100- percent relative humidity
at 0 to 120°F for three days
{nozzle closures in place).

Vibration: Sine and raadom as for
igniter and grain tests.

Vacuum: 72 hours at 12 microﬁs and
70%F (nozzle closure removed).

Nine motors were exposed to these conditions. For the other
three, the conditioning was modified to meet other test requirements. All
motors were evposed to vacuum and were conditioned to 7n°P. All firings
were in a vacuum chamber at a pressure altitude of abour 105,000 feet.

All test firings were successful, with no indications of leakage g
or incipient failure. The test data were analysed to determine the e
significant system parameters, which are summarized below. These dats I
ure from the first six firings on the static torque fixture; the results
of the last two firings are not yet available.

-16. . B ) . N ~.\m E ‘ ) .-\




Parameter Minimum Maximum RMS Average

T:= off total angle (rad) 0.0017 0.014 ¢.0096
ff angle orthngonsl 0.0012 0.0099 0.00679

vi ctor (rad) -

Equivalent crosg axis 11 88 60

velocity (fps)

Capsule final roll rate 31.62 32.59 32.51
(rad/sec)

Burn time to 5 percent 1.0 1.19 1.153
tail-off (sec)

1 (sec) 202 208 206
8p

(c) 6as Dynamics and Spin Restraint Tests

Four tests have been conducted on the gas dynamics
separation test {ixture. These tests were conducted to det2rmine the
effect of the s;in motor exhaust gas on capsule tip-off and to verify suit-
able performance of the symmetrical vent, radiation shield, and spin
reiraint under scparation conditions.

All tests were conducted in the Douglas Aircraft Compeuy, Loug
Beach, vacuum chamber. The test fixture is lescribed on ADP Drawing
805816. ™ igvt hardware used in the varicr . tests included in the motor
puppert styuctvre (ADF Drawing 800003), the symmetrical vent (Drawing
#0112}, ithe radistion shield (Drawing 800120). and the spin restraint
{Drawing 800131). All resi: were conducted at a pressure of shout 7 mm
of Hg, equivalent to an altrtude of glightly over 100,000 feet.

, The test fixture t:e¢i ia this program is shown in Pigures 6
and 7. Piguré 6 shows the ba- superstructure and the separation guides.
Tue dead weight load used fur - <librating primary torque of the spin
mytor 18 attached to the reir: nozzle. Figure 7 show the bus rctation
drive and the dead weight '4 ::1 simulates spin motor axial thrust. The

»~tatic torque fixture om ::: separate woynting ca  be seen in the back-

prourd.

The test £i::1..: {8 designed to allow capsule-bus orientation
through % degrecs = -scatiod on the Z-axis and through 21 inches of
separation along ths Z<uxis. The separation accelerction end velocity
due to both spin moior axial thrust and exhaust gas pressures are sim:lated;
the angular accelerxtion of spin-up is not. Angular orientation and

-17-
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separation position ars obtained by rotating or traversing the bus
simulator; rotation velocity is about 0.5 radian/scc. Both the capsule
and bus simulators are essentially rigid in rotation about the X and Y
axes. With regpéct to transverse loads at the plane of the spin motor
exhaust nozzles, the spring rate of the capsule simulator is about 45,000
1b/in.; the spring rate of the bus simulator for loads in the three axes
is from 1700 lb/in. te 3500 1b/inm.,depending on load direction. The
flevibility of the bus relative to the capsule presents difficulties in
analyzing the spin restraint test results, .4 discussed later.

(d) Cold Flov Test Results

Spin sGtor cold ficw .ests were conducted on the ''gas
dynamic fixtive", in @ vacuum chamber, to determine the effects of gas
dynamizs on capsule pe. ‘ormance. Data were gatherad regarding the magni-
tude and pliase of tie induced spurious torque. The bus angular position
is zero degrees when joint “B" is down on the test fixture, which is in
“line with an exhaust tube of the spin motor. Bus angle is positive for
rotation clockwise (looking from capsule to bus) which ia the direction
of relative rotation in the actual cagse. For separation meagurement,
zero 18 the mated position. :

The purposs of these tests was to establish a criterion for the
design ¢f & spin restraint and to determine the least favorable capsule-
bus orientation for the live motor firings.

- ~ Tests were conducted with the symnetrical vent and radiation
shield in position and withou: the symmetrical vent, but with a simulated
thermal radiation shield {n position. Cold filow was effected at static
separation points from 0 to 21 inches, with and without rotation of the
bus. Similarly, dynamic separation was performed with and without rota-
tica. These tests vere performed a. altitudes of 105,000 feet (the
vacuum chamber ultimate capauvilities) in order to effect gonjc flow at
the exit ot the symmetrical venting device.

The aota gathered were corrected for systeastic errors and the
following results established:

(1) The magnitude of the torque unbalance ranges from 0
to 30 1b/in., with a mean of 1 ft/lb.

20«



(2) The mean magritude (considering all separation angles)
of the spurious torque varies from 8 to 14 in./lb
auring separation from 0 to 14 inches; thereafter, ths
effects of gas dynamics rapidly diminish and the
spurinus tvrque assumes a value approaching the inherent
motor unbalance. These results are shown in Figure 8.

(3) The mean magnitude {over the full range of 0 to 21 inches
separation) varies sinusocidally as a function of separa-
tion angle with a range c¢f 6 to 14 1lh/in.; peaks occur
every 120 degrees of rotation. These recsults are shown
in Figure 9.

(4) The phase of the unbalance appears to be a uniformly
distributed, random phenomenon.

It was noted that, in the presence of a simulated radiation
shield (insensitive to gas flow), the absence of a symmetrical venr did
not significantly alter the nature of the spurious torque.

(e) Spin Restraint Test

The spin restraint wa - installed per drawing and the
spring rate calibrated by dead weight. The spring rate is essentially:
constant in all directions and is abcut 340 1b/in. (Figure 10).

In mating tests with the capsule similator, it was determined
that the best installation that can rcasonably be mads results in a
lateral offset of about 0.002 ian. From previous firings it appears
that this lateral displacement of the spin motor hub at approximately
1-in. separation is equivalent to 0.005 radian for less final tip-off
j angle. This comparison is quite conservative, since the comparative tip-
off angular veloc.ties would not apply with 'he restraint in place.

3 The support arms of the restraint are direetly in the exhaust

1 cone of the spin motor. To check the magnitude of unbalanced load that
results. <oid flow tests were conducted with the trestraint just disengaged.
Tne restraint was found te deflect about 0.004 inch, equivalent to about

i 40 in./1b tip-off moment. This must be included in the tip-off computa-

i tion. : .

. In general, the spin restraint performed satisfactorily, showinﬁ
. no tendencles tuward resonant vibration, .excessive d2flection, or binding.

.-21.
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(f) Motor Piring Tests

A total of four firings was made on the gas dynamic
fixture. This preliminary report includes a discussion of the tip-off
* characteristics and other items of immediate interest. Complete anslysis
and discussion of various pressure and temperature data will be included
in a later, more complete report. At this point it is sufficient to note
that no unusual or unexpected data were observed.

Run No. 248: 16 March 1962

(1) Test Configuration

Spin Motor S/N L-308
Radiation shield 802120 A (w/o black cover)

Symmetrical vent 800112 A (Plastic part w/o
reinforcement)

Bus angle zero degrees - did not rotate
during run.

Fired in closed position - separate at
normal axial acceleration.

Fired at pressure altitude of 192,000 ft.
! (2) Instrumentation

Channel 1; Squib current

Channels 2 - 4; tip-off and primary torques

Channel 5; Axial travel o
. Channel 6; Bus unlatch ‘ S ‘:;3‘;
. Channels 7 -12; cxhaust temperatures ' LA

Channels 13-17; exhaust piessdren

. 400 frame/sec motion picture

e,
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(3) Test Results

The symmetrical vent was severely demaged. It
apparently buckled outward in the lower third (above the heavy section)
"in the ares of impingement of the spin motor exhiv... 'The upper edge
. buckled in with a fluttering action and contacted the retro nozzle in at
- - least nine places. Contact areas were spaced gbout 120 degrees around
-~ the nozzle, approximately in line with the spin motor nozzles, and at
.« separation distances from 8 to L4 inches. As a result, the tip-off data
“wire invalid. The test hardware after firing are shown in Figure lLl.

V. ' The radiation shield shows onl} superficial heat dgmage.

The marks where the symmetrical vent contacted the retro nozzle
can’be noted. This contract caused high -frequency tip-off torque readings
which, although the total impulse was small, made it impossible to use
the data :

c Run No. 254: 26 March 1962
(1) Test Configuraticn

Spin Motor S/N L-314
Badiation shield 802120 A (w/o black cover)
No symmetriczl vent

Bus rotated at constant angular velocity of about
0.5 rad/sec.

. Fired in closed position with normal axial
accelerations.

. Fired at pressure altitude of 102,000 ft.
(2) lhstrumen;ation

) ..Same as for Run No. 2&8- except that an. angulsr
y _ position trace was substituted for one of the
e temperature channals. .

v _(3) Test Results

The radiation shield waé s;weroly diéazed‘ It was coupletely .
. . “blown away. on one-side except for a navcow portion in the attachins ayea, .
. aa ahoun in Eiaunn 12. The,mntuinga on tha Tetro nozzle shcw extenaive
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_— FIGURE 11. TEST OF MODIPIED AT AND HEAT SHIELD
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contact by the radiation shield, which was confirmed by the motion

picture of the test. Motor and tip-off data are tabulated in Table III.

Run No. 262: 7 April 1962
(1) Test Configuration

Spin motor S/N L-304

Radiation shield 800120 B (w/black cover)
Symmetrical .vent 800143 (w/aluminum reinforcement)
Spin res: caint 800135

Bus angular position 180 degrees, did uot rotate
during run.

Fired in a closed position, with rormal axial
accelerations.

Fired at pressure altitude of 105,000 ft.
(2) Instrumentation

Channel 1; Squib current

Channels 2-4; Tip~off and primary torques
Channel 5; Axial travel

Channel 6; Bus unlatch

Channel 7 and 8; Restraint deflection
Channels 9-12; Exhaust temperatures
Channels 13-17; Exhaust pressures

400 frame/sec motion picture

v R T £ At Wraie ¢ by e

(3) Test Results

§ The symmetrical vent and radiation shield showed super-
ficial damage. There were no indications of contact with the retro
pimulator. The test hardware after firing are shown in Figure 13.

% During the first 100 millisec, there was indication of high
Iip-off torque (~10 ft-1b.). It was subsequently determined that this
Pas causzd by deflection of the bus simulato: due to internal gas pres-
pure. The amount of deflection was estimated from cold flow, and the
porresponding tip-off moment subtracted out ox the data for tip-off
pnalysis. The results are tabulated in Table III.

i
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The spin restraint apparently performed satisfactorily. 1In
spite of direct exhaust blast cn the attaching arms and springs, it
returned to zero after the firing, with the spring constant unchanged.
There was heavy deposit of exhaust ra:sidue on the exposcd spring leaves.

Kun ¥o. 265: 11 April 1962

(1) Test Configuration

. Spin motor S/ L-312

. Radiation shield and symmetrical vent used from
previous firing (Run 262),

. Spin restraint 800135 - modified. The teflon
shoes were removed from the restraint, and one
lug was ground down to allow clearance for the
bus defiection.

. Bus angular position 180 degrees; did not rotate
during firing. -

. Fixed in closed position, with normal axial
acceiwrations,

. Fired at pressure altitude of 105,000 ft.

(2) Instrumentation

. Same as for Run No. 262, except a bus vertical
deflection trace was substituted for one of the
pressure channels,

(3) Test Results

No change in the condition of the heat shield or sym-
metrical vent could be observed. Performance of the entire system
appeared to be satisfactory.

With the spin restraint relieved, the tip-off torques read
directly as "no restraint" torques. The tip-off load caused by the
spin restraint was computed from the measured deflection of the
restraint and superimposed on the recorded torques. The results
were analyzed both with and without restraint and are tabulated in
Table III.
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c. aAuxiliary Equipment

(1) Altimeter

The deployment mechanism used on the altimeter of RA-3
consisted of a "mousctrap" spring actuatcr and a wedge type <pring
latch. The mechanism was redesignec to incorporate a drive uevice
with increased tcorque capability. The latches were eliminated, The
new deployment mechzrism replaces the crossbar on the structure between
the two hinge bearirgs and was retrofitted into existing structures.
The deployment mechanism is actuated by a heavy spring and uses a
governor for specd control. The governor is of the centrifugal brake
type used in telephone dials. The governor controls the deplcoyment
time 1c 9 + 1/2 sec.

An altimeter structure complete with the new deployment
mechanism was design proof-tested and qualified through the environ-
mental conditions for flight. Twe flight altimeters were retrofitted
with the new deployment mechanism and delivered for flight on RA-4&4.
Figure 14 shows the altimeter support structure as modified to {incor-

porate the new drive mechanism.

(2) Radiation Shield

The basic design of the radiation shield remained ua-
changed since RA-3. At the request of JPL, a low reflectance exterior
surface was provided, consisting of 1.2 oz Zetta black nylon spinnaker
cloth. Reflectanze data on this material backed up with aluminized '
Mylar is shown in Figure 15. A design proof article of this new
asgembly was heat-sterilized and a complete series of design proof
tests was conducted on the assembly (including cold retraccion)
qualifying it for flight. Twc flight assemblies were delivered in
support of RA-4.

(3) Symmetric Venting Device

Hot firings of the spin motor in vacuum indicated that
buckling occurs on the trailing esge of the symmetric venting device.
These firings also indicated that some delamination occurs in the-
fiberglass laminate. An aluminum skin of 0,012 in. was provided for
the outside of the device and a reinforcing ring on the inside. An
assembly of the revised design was then tested in hot firings and
through the vibration environment and thus qualified for flight.
Pigure 16 shows a »hoto of the {mproved unit. Two flight assemblies
vere delivered for RA-4. - o
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(4} P&SA and External Wiring

(a) Power and Sequencing Assembly

The power and sequencing assembly, ADF Drawing
No., 805378 (P&SA), consists of timing circuitry and a battery. It is
packaged into a 4-1/2-inch-diameter by 2-inch-high cylinder which is
installed between the retromotor and the sphere impact limiter. The
functions of the P&SA are as fclliows:

{1) To arm the ordnance circuits at 5g acceleration
during acceleration during launch.

(2) To fire the spin motor at 215 milliseconds after
receipt of the altimeter fuse signal.

(3) To firxe the retromotor at approximately 2 seconds
after receipt of the altimeter fuse signal. This
time delay is controlied by the temperature of the
retromotor.,

(4) To fire the landing sphere separation bolts at
12-1/2 seconds after the altimeter fuse signal.

Two design changes in the P&SA were made between fabrication
of the RA-3 and RA-4 flight hardware. First, the SCR swltch Q¢ of
schematic No. 805396 was changed from a 2N1595 to 2 2N885. Th= 2N885
requires less trigger current than the 2N1595 which-had to be specially
selected for this application. Second, the battery within the P&SA
was changed {rom an Aeronutronic-assembled pa<k of Yardney PMO]l cells
to a sealed ESB model 199 battery. Both typas of batterles passed the
design proof test, but the ESB was spillproof, smaller, and bad superior
electrical characteristics. The P&SA was modified as shown in the
accompanying photograph (Figure 17) to facilitate the installation of
the ESB battery.

It is presently planned that the P&SA will be redesigned prior
to RA-5 to better utilize the space made available by incorporation of
the smaller battery. The squib switches and fuses will be placed in
removable modules to facilitate assembly and replacement. ' More terminals
-will be provided for the connection of external wires. Provision will
be made for the addition of another timer if required by a change in
miasion assignments. '
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(b) External Wiring

The terminology of external wirlng is used to describe

. al. Lunar Capsule wiring external to the survival sphere. It includes

these portions shown by ADF Drawing No. 800037:

(1) The junction box and wiring or the altimeter support
structure.

) The wiring on the retromotor support structure.

(3) The electriial contacts on the motor separation
clamp.

(4) The wiring on the retromotor.

The external wiring provides the electrical connections between
the JPL portion of the spacecraft, the radar alcimeter, the P&SA. and
the ordriance bolt-cutters. No major design changes in external wiring
were made between the fabrication of the RA-3 and RA-4 hardware. do
significant difficulties were encountered during the fabrication and
testing cf the external wiring for RA-4.
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3. FLIGHT MISSIONS

Following is a summary of the results of the two flight tests
to date.

a. RA-3

The KA-3 nission was launched 26 January 1962. Booster mal-
function prevented lunar impact and thus prevented operation of most
of the landing capsule functions.

Telemetry records of the Jet Propulsion Laboratory indicated
no signal was received confirming deployment of the radar altimeter.
After studying the problem, it was concluded that the preobability of
altimeter deployment malfunction existed and warranted product improve-
ment in this area. The deployment mechanism was redesigned and Qualx-
‘fied for RA- 4 as discussed in Sectioa 2.c.

During pre-launch checkou! of the RA-3 payload, it was noted
that the sparc.raft transponder receiver threshold was degraded by
spurious radiation for Snhere No. S/N 0i0 transmitter. The spurious
signal, at 890 Mc,was most prominent in the '"shroud-on" condition and
wag of such a magnitude that the wmission was in jeopardy. As a result
of this difficulgv, Sphere S/N Q12 was placed on the spacecraft as
prime flight item. Some degradation of the transponder threshold was
noted with this sphere; however, the amount of degradation was not
sufficient to jeopardize the prime objective of the mission. Tests
performed on Sphere S/N subsequent to launch of RA-3 have not disclosed
the cause of the spurious signal radiation from the transmitter.

) In addition .to the redesign of the altimeter deployment
mechaniem discussed above, it was decided that significant system
improvements could be accomplished by oreduct improvement work on the
spin motor and the retromotor These items are discussed under Section
2.b sbove,

- b, RA-4

. " The RA-4 vehicle was launched from AMR 23 April 1962. The
spacecraft impacted the dark side of the moon on 26 April 1962. A
malfunction in the spacecraft control system negated any chance of.
operating the landing package. The capsule transmitter functioned

. normally and was being used to track and establish the trajectory nf

the spacecraft.
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At this writing, a complete report of field operations in
preparation fcr launch is not available. No significant problems
were encountered during launch preparation with the exception of RF
interference experienced. from Sphere S/N 0l4 as discussed below.

1he transmitter for Sphercs S/N 913 and 0l4 were tested,
at various stiges of assembly, for spurious radiation at frequencies
in the viciniiy of 890 Mc. These tests were conducted with a standard
field intensiiy meter and with a spectrum analyzer under conditions
simulating the “shroud-on” configuration. XNo evidence cof transmiltler
malfunction was disclosed during these tests; however, the ultimate
sensitivity ol the test equipment is inadequate to verify the presence
or absence of signals that would interfere with the spacecraft
transponder.

Sph:re S/N 013 was tested on the PTM at JPL prior to its
shipment te A4R. A small amount of interference was noted in the
"shroud-on" condition; however, it was nct adjudged to be detrimental -
to flight. Sphere S/N 014 was shipped to AMR withcut this additional
testing at JPL. . Subsequent tests of Sphere S/N Gl13 and Ol , in con-
‘unction with the RA-4 spacecraft at AMR, disclosed an interference
problem with Sphere S/N 0l4. The transponder threshold without the
sphere was -139 dbm. With the sphere in place, but withouat the suroud,
the threshcid was -132 dbm. Addition of the shroud further degraded
the thresholc¢ to a value of -110 dbm. The sphere was shipped to
JPL for testing on the PTM to determine ii '"clocking"™ of the sphere
with respect tc the spacecraft could change the interference level.
These tests ¢isclosed that "clocking" of the sphere with respect to-
the spacecraft cou'd change the interference Ievel by as much as 8 db.

Sptiere S/N Ols was returned to AMR for use as a back-up
payload for FA-4 in the event of failure of Sphere S/N-013,.

A



4. PUTURE PLANS

a. Product lmprovement

During the period between the launching of Ri-4 and the delivery
of lunar capsules in mid-September, & product improveuent program will be
undertaken. This program will cover modification to the transmittaer,
vedasign of the sequencing timer, redesign of the power and sequencing
assembly. The purposs of “he program {s to improve the producibiifty,
reliabiifity and characterintica of the {tome linted.

In the case of the transmitter, {t i{as believed that tha changes
envisaged will reduce RF {nterference with JPL transponder, reducs tune-
up time, and improve its sfficiency. Prement planning (s on the basis
that design changes wil, have hoen lucorporated and teated by mid-May,

{n aufficlent time to meet the bulld-up schedule for RA-3.

The prasent des.gn of the sequence timer is auch that its
asaembly (s time-.cons.uming and difficult of getting good quality
assurance of the end prnduct. Redesign is on the bants that quaiity
asaurance of the end {tem can be improved and that {t can in fact be
arsembled readily. Present plans call for a "weldod unit'" rather than
one that {s assenbled by woldering. This new doesign will be incor-
"porated {nto RA-3,

The astatus and {uture plans for the power and sequencing
apaombly {m covered !n detall under auxtliary equipment, Section 2,¢
of thim report,

b, RA-5 Support

A "butld-up" achedule haws been prapered for RA-5. Thia
sctiedule ia bamed on starting bulld-up on or about 1 Auguat with the
delivery of landing Npheres S/N Ol7 and 018 to AMR on or about 18
Septembser. Sphere 5/N 019 will be delivered approximately thirty days
before launch date, Almso to be svallable in partial assembly will be
Sphere §/N 016 and sufficient parts to complete the asaembly should the
nesd arice.

Four storage or surveillance retrorocket motors will be fired
in tha AEDC altvitude facility during the last two weeks in September
1962. Conditions for these firings will be identical to those of the
acceptance test rounds fired during November 1961. These tests will
sarve to entablish what, if any, etfect long.term storage has on per-
formance and reliabili{ty of the retromotor,

Some product improvoment work is planned for lncorporation
on RA<5, as discussed {n the above report.

e42-





